Plant growth is considered the sum of cell proliferation and subsequent elongation of the cells. The continuous proliferation and elongation of plant cells are vital to the production of new organs, which have a significant impact on overall plant growth. Accordingly, the relationship between environmental stimuli, such as temperature, light, wind, and sound waves to plant growth is of great interest in studies of plant development. Sound waves can have negative or positive effects on plant growth. In this review paper we have summarized the relationship between sound waves and plant growth response. Sound waves with specific frequencies and intensities can have positive effects on various plant biological indices including seed germination, root elongation, plant height, callus growth, cell cycling, signaling transduction systems, enzymatic and hormonal activities, and gene expression.
Introduction
Plants are complex multicellular organisms that are exposed to nature under various environmental conditions. Environmental factors have a great influence on the growth and development of plants, which interact with their environment through epidermal cells. A series of biological changes occurs in living plant systems that reflects its speed of growth. Accordingly, the growth of plant cells and tissues in response to different physical stimuli is a cardinal field of study in cell biology (Braam and Davis, 1990) .
Sound is an external factor that has a great impact on the biological index of plants (Bochu et al., 1998 (Bochu et al., , 2001 Zhao et al., 2000; Liu et al., 2001; Yiyao et al., 2002; Yang et al., 2002; Yi et al., 2003a) and can either promote or suppress growth. Sound is an oscillation of waves of pressure transmitted through gases, liquids or solids. As waves propagate, they transport energy. In addition, sound disperses information about the surrounding and living organisms adhere this information /and or communicate through wave motions. The amount of the energy in the wave determines the measures of the sound wave and its travelling time. The audible sound that humans can hear falls into frequencies ranging from 20 Hz-20,000 Hz (Hertz) (Dorrell, 2005) , while sound above this range is known as ultrasound and that below this range is known as infrasound. Sound waves transported through a medium via the mechanism of particle interaction are characterized as mechanical waves (Pierce, 1989) . In nature, almost all living organisms are immersed in a variety of sound waves and interact with them.
The use of sound and music to improve the health of living organisms is not a novel idea. Indeed, the beneficial and harmful effects of sound in terms of music were recognized by the ancient Greeks and Romans (Rooke, 1985) . Music, which is made up of sound waves with different frequencies and intensities (Telewski, 2006) , has been used for the treatment of illnesses, including neuropathy and depression (Wicke, 2002) . Dr. TC Singh first studied the effects of music on plants in the 1950s (Tompkins and Bird, 1989) . In 1973, D Retallack published a book titled, "The Sound of Music and Plant", which described experiments involving plants and music. In these experiments she played sounds and particular styles of music to plants and found that the best growth results were obtained when classical music was played. Moreover, stimuli such as sound fields, supersonic sound, electromagnetic fields, micro gravity, and mechanical vibrations impacted plants (Bush, 1995; Fraze, 1996) . Indeed, sound vibration has also been shown to stimulate seed germination and plant growth (Braam and Davis, 1990 Bird, 1989) , and Arabidopsis (Braam and Davis, 1990) . Taken together, these studies belong to the field of acoustic biology. Overall, little research has been conducted in this field due to the lack of precise instrumentation to measure the response of plants to sound as well as a lack of confirmed scientific information in this area of study. Therefore, we are conducting research to determine the relationship between the exposure of plants to sound and subsequent plant growth. Growth response depends on the frequency and intensity of sound (Liu et al., 2001) . It is known that different frequencies and intensities of sound impact different plants; however, further studies are needed to clarify these variations. Here, we have summarized the impact of sound waves and music on plant response in terms of growth and development.
Role of Sound Waves on Plant Growth and Development
A key feature of living organisms is the ability to sense and respond to different physical stimuli. Light, temperature and a variety of chemical signals are common environmental physical stimuli detected by biological organisms. In addition, organisms perceive a variety of external mechanical stimuli, including those induced by pressure gradients of wind in the atmosphere as well as pressure gradients in aquatic systems created by currents or tidal flows. These types of mechanical stimuli, which are collectively known as touch or thigmostimuli, produce a number of thigmoresponses in plants including thigmomorphogenesis, thigmotropism, thigmonasty and thigmotactic response (Jaffe et al., 2002; Braam, 2005) . Pressure waves created by sound waves are transmitted in aerial, solid and aquatic environments. However, it is not clear if plants can respond to sound that impact them as mechanical waves transmitted through wind pressure.
The interaction between living organisms and audible sound is usually neglected in biological research. Nevertheless, sound waves with appropriate length of action time and proper intensity or frequency are known to stimulate cell growth in some plants (Bochu et al., 1998; Yiyao et al., 2002) . Additionally, some studies have investigated the relationship between plants and sounds and scientists have reported the response of plants to sound waves and music via different aspects of plant growth and development. The effects of music to improve crop yield and quality have been reported in tomato plants, barley and other vegetables (Hou and Mooneyham, 1999; Spillane, 1991; Xiao, 1990) . Weinberger and Measures (1979) reported the effects of intensity in audible sound on the growth and development of Rideau winter wheat. The authors concluded that the vegetative growth response of winter wheat to audible sound was mainly dependent upon both frequency and intensity. They reported that sonication at 5 kHz and 92 dB (decibel) led to stimulate tiller growth with an increase of plant dry weight and number of roots. Hou et al. (1994) reported 100 Hz frequency of an external sound showed positive impact on philodendron plant growth. Qi et al. (2010) showed the influence of sound wave stimulation on strawberry leaf area/dimensions, the photosynthetic characteristics, and other physiological responses. The authors reported that the sound waves promoted the growth of strawberry, as well as sound waves enhanced the resistance of strawberry against diseases and insects.
Two plant species such as beans and impatiens were affected by sounds of varying frequencies. The authors reported that optimum plant growth occurred when the plant was exposed to pure tone sound in which the wavelength coincided with the average of major leaf dimensions. The plant growth was decreased when exposed to random noise (Collins and Foreman, 2001 ).
Seed Germination. Different metabolic activities including enzyme activation and hormonal changes occur during seed germination, and sound is known to directly affect biological systems including those involved in seed germination. Creath and Schwartz (2004) compared effects of music, noise, and healing energy using seed germination assay. Musical sound has been shown to significantly enhance the sprouting of okra and zucchini seeds than the noise effect. This effect is independent of temperature, location of the experiments, seed type, specific petri dish, and person doing the scoring. The healing energy also had significant effect like sound compared to the untreated control of seed germination. The authors concluded that sound vibrations such as music and noise as well as biofield such as bioelectro-magnetic and healing intention directly affect living biological systems (Creath and Schwartz, 2004) . Seeds of Echinacea angustifolia, a medicinal plant, showed improved germination rate to chemical and physical factors, such as scarification, chilling period, light, applied chemicals (6-benzylaminopurine, gibberellic acid), and sound stimulation (Chuanren et al., 2004) . The seeds showed the highest germination rate with the least germination time when subjected to sound wave at 100 dB and 1,000 Hz. The author concluded that the germination rate was greatly enhanced and seed dormancy was completely reduced. Sound waves were also found to enhance the germination index, height of the stem, relative increase rate of fresh weight, activity of the root system, rooting ability, and the penetrability of the cell membrane of paddy rice seeds. The authors reported that 400 Hz and 106 dB showed positive effect on the growth stimulation of the paddy rice seed, but high frequency and intensity of sound wave were shown to be harmful (Bochu et al., 2003) . Hageseth (1974) investigated the effects of sound on the mathematical parameters that described quantitatively the barley seed germination process. The author found differential germination rate as a function of time using various frequencies of noise from 100 to 9,000 Hz.
Root elongation is related to cell metabolism, and positive relationships between root growth and different types of music have been reported (Seregin and Ivanov, 2001 ). Moreover,
